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Preface

This document was prepared by the LTIV Missiles and Electronies Group
under a joint Navy/Air Force contract. The contract, for the coordination,
development and evaluation of Aircraft/Store Electrical Interconnection
System (AEIS) technologies, consisted of seven tasks. This document was
developed under Task 2, MIL-STD-1760A Design Handbook.

This document was not intended to address the logical element aspects
of MIL-STD-1760A recently added to the standard by Notices 2 and 3. It is
being published and distributed as a technical report in order to have the
information it contains regarding the electrical and physical elements of
MIL-STD-1760A reach as many users as quickly as possible.

As a joint service contract, many people and organizations were
involved in the process of providing direction and review that led to the
succegsful completion of this task of the contract. These organizaticns and
personnel included: the Naval Weapons Center at China Lake CA, the
contracting office for the contract, and Mr. Carl Stoddard, the contracting
officer technical representative (Code 3144); the Engineering
Standardization Division of the USAF Armament Division (AD/ENSM) at Eglin
Air Force Base FL; the Aircraft and Crew Systems Technology Directorate at
the Naval Air Development Center (Code 6012), Warminster PA; Naval Air
Systems Command (AIR-540) at Washington, DC; and the Systems Engineering
Avionics Facility of the USAF Aeronautical Systems Division (ASD/ENASF) at
Wright-Patterson Air Force Base OH.

This document was originally prepared as a draft military handbook.
Minor editorial changes were made to delete handbook references and make the
document read as a technical report. Minor editorial changes were also made
to clarify references to Notices 2 and 3 to MIL-STD-1760A.

The views, opinions, and/or findings contained in this report are those
of the contractor and should not be construed as an offical Departmeant of
the Air Force position, policy or decision.
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The trends in weapon system designs (aircraft and stores) bhas resulted
in a growing concern cver the general proliferation of aircraff-to-store
electrical interfacing requirements and the resulting high cost to achieve
interoperability between aircraft and stores. MIL-SID-1760 was prepared to
reduce the aircraft/store electrical integration problem by specifying a
standard electrical interface between aircraft and stores. The standard
electrical intérface is based on recognized trends in store management
systems which use serial digital transmission for control, monitor, and
release of stores. This report deals with the 1nteroperability
rotuirements as described in MIL-STD-1760 and is intended to be an aid to
uaderstarding and meeting the requirements for both current and future
weapon systems. In general, this report provides the following:

(a) An overview of MIL-STD-1760 requirements, exclnsions and future
growth provisions.

(») Detail design considerations applicable to the Aircraft Station

Interface (ASI).

(c) Detail design considerstions applicable to the Mission Store
Interface (MSI).

(d) Aircraft/Store Physical Design Considerations.
(e) A commentary on the requirements in MIL-STD-1760.
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1. SCOPE

1.1 Purpose. This report was prepared to increase aircraft and store
designers' awareness of available methods for improving aircraft/store
interoperability, to recommend specific design and fabrication practices,
and to provide aircraft and store designers with sufficient engineering data
to implement MIL-STD-1760 requirements. Additionally, it is the purpose of
this report to emphasize to the aircraft and store designer the importance
of the complete weapon systems approach to the solution of the
interoperability problem. The systems approach is one that recognizes the
interrelationships of components and parts within the system (aircraft and
store) and the interactiorns between aircraft and store in the system.

While it is recognized that each weapon system is somewhat unique, an effor
has been made to present recommended design practices in a manner that will
assist the designer to adapt various recommendations to his particular
situation. It should be recognized, however, that any given design
practice may not be equally effective in all weapon systems. This use of
this report must be complimented, therefore, by sound engineering
judgement.

1.2 Scope. The material contained in this report is intended to
provide the weapon system designer with three basic types of information.
These ave:

1. A thorough understanding of the requirements imposed by
MIL~STD-1760A.

2. An identification of design problem areas that could contribute
to an interface incompatability, and

3. A presentation of design techniques, components and design
practices that offer suggestions for implementing MIL-STD-1760.

For most weapon systems, a low level of interoperability is inevitable
unless the designer recognizes the design risks, is aware of their causes
and available means for minimizing the risks, and organizes all phases of
the weapon system development in the original design to enhance
interoperability. Retrofitting after an interoperability problem is
discovered is expensive and seldom contributes to weapon system
reliability.

The complete Aircraft/Store Electrical Interconnection System (AEIS) is
comprised of three elements: Electrical, Physical and Logical. The
electrical element specifies the aircraft-to-store interface signal set and
associated electrical characteristics including interrelationships between
the various interfac:s. The physical element specifies the mechanical




aspects necessary for achieving intermateable electrical connections within
the system. The logical element (when incorporated into MIL-STD-1760) will
define interconnection system aspects such as the communication protocol,
formatting rules for messages and standard data words.

The electrical interface is comprised of two signal sets, a Primary Signal
Set and an Auxiliary Power Signal Set. Both signal sets are applicable to
the ASI and MSI.

1.3 Limitatjons. Areas of MIL-STD-1760A discussion not thoroughly
covered in this report are as follows:

1. Aircraft and stores compatibility relating to mechanical,
aerodynamic, logistic and operational fectors. Size, shape,
loads, clearances and functional limitations are not specified in
MIL~STD-176C.

2. The rail launch MSI connector intermateability characteristics.

3. The simple store MSI signal set and connector intermateability
characteristics.




2. REFERENCED DOCUMENTS

2.1 Government documents.

2.1.1

{ handhogks. Unless otherwise

Specificatiaons, standerds. anc
specified, the following specifications, standards, and handbooks of the
issue listed in that issue of the Department of Defense Index of
Specifications and Standards (DoDISS) spe~ified in the solicitation form a
part of this report to the extent specified herein.

SPECIFiCATIONS
MILITARY
MIL-B-5087
MIL-E-6051
MIL-A-8591

MIL-C-38999
MIL-C-39029

STANDARDS
MILITARY
MIL-STD-461

MIL-SID-462
MIL-STD-704
MIL-STD-1498
MIL-STD-1512
MIL-SID-1553

MIL-STID-1560

Bonding, Electrical and Lightning Protection for
Aerospace Systems

Electromagnetic Compatibility Requirements,
Systems

Airborne Stores, Suspension Equipment and
Aircraft-Store Interface (Carriage Phase);
General Design Criteria for

Connectors, Electrical, Circular, General
Specification for

Contacts, Electrical Connector, General
Specification for

Electromagnetic Emission and Susceptibility
Requirements for the Control of Electromagnetic
Interference

Electromagnetic Emission and Susceptibility, Test
Methods for

Aircraft Electric Power Characteristics

Circuit Breakers, Selection and Use of
Electroexplosive Subsysteri, Electrically
Initiated, Design Requirements and Test

Methods

&ircraft Internal Time Division Command/Response
Multiplex Data Bus

Insert Arrangements for MIL-C-38999 and
MIL-C-27599 Electrical, Circular Connectors




HANDBOOKS

MIL-HDBK-235 ‘Blectromsgnetic (Radiated) Environmental
‘ Considerations for Deaign and Procurement of
o Blectrizal snd Electronic Equinment -
MIL-HDBK-1553 Mulitplex Applications Handbook

NATO STANDARDIZATION AGREEMENT
STANAG 3350AVS Monochrome Video Standurd for Aircraft System
Applications

2.2 Qther publications. The following document(s) form a pert of this
report to the extent specified hurein. Unless otherwise specified, the
issues of the documents which are DoD adopted shall be those listed in the
issue of the DoDISS specified in the solicitation. The issues of documents
which ha;e not been adopted shall be those in effect on the date of the
cited DoDISS.

EIA-STD-RS-170 Electrical Performance Standards - Monochrome.

Television Studio Facilities T

EIA-STD-RS-343A Blectrical Performaence Standards - High
' Resolution Monochrcme Closed Circuit Television
Camera
EIA-STD-RS-485 Electrical Characteristics of Generators and
‘ Receivers for Tse in Balanced Digital Multipoint

Systens

(Application for copies should be addressed to the Electronics Industries
Association, 2001 Eye Street NW, Washington, DC 20C06.)
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3. DBFINITIONS

9.1 Alrcrafr. Any vehicle designed to be supported by air, baing btorne
up either by the dynamic action of the air upon the surfeces of the vehicle,
or by its owm buoyancy. The tarm includes fixed and movable vwing airplanes,

-helicopters, gliders, and unh:l.po. but axcludes m-hunehod ninuu.

target drones, snd flying bombs.

3.2 Alrexaft/Stoxe Risctrical Ioterconpection Syatem (ARIS). The ABIS is
a system composed of electrical (and fiber optic) interfaces on aircraft and
stores through which aiveraft energize, control and empioy stores. The ARIS
consists of electrical interfaces necessary for the tranafer of electrical
power and data between aircraft and stores and from one store to another
store via tha aircraft.

3.3 Electrical interface types. The AEIS consists of four electrical
interface types as follows: o

3.3.1 Aircraft Station Interface (ASI). The Aircraft Station Interface
is on the aircraft structure where the mission or carriaege store(s) is
electrically connected. This interface is usually on the aircraft side of
an aircraft-to-store umbilical cable. (Some carriage configurations may not
use an "umbilical cable"-e.g. rail launchers.)

The Aircraft Station Interface locations include pylons, conformal and
fuselage hard points, internal wespon bays, and wing tips.

3.3.2 (Carriage Store Interface (CSI). The Carriage Store Interface is on
the carriage store structure to which the aircraft is electrically
connected. This interface is on the store side of an aircraft-to-store
umbilical cable.

3.3.3 Carriage Staore Station Ipterface (CSSI). The Carriage Store
Station Interface is on the carriage store structure to which the mission
store is electrically connected. This interface is usually on the carriage
store side of the carriage store-to-mission store umbilical cable. (Some
carriage stores, such as rail launchers, may not use an "umbilical cabile"
but use some other cahle/connector mechanism.)

3.3.4 Mission Store Interface (MSI). The Mission Store Interface is on
the mission store structurs to which the airecraft or carriage store is
electricaliy connected. This interface is on the wulssion store side of an
aircraft-to-store umbilical cadble, a carrilage store-to-mission store
umbilical cable, or a rail launcher cable/connector mechanism.

3.4 Stc~n. Any device intended for internal or external carriage and
mounted on an alrcraft suspension and release equipment, whether or not the
device is intended to be separated in flight from the aircraft. Stores are
classified in two categories as follows:




3.4.1 Carriage atare. A carriege store is a suspension and release
equipment that is mounted on sircraft on a non-permanent basis. Pylons and
primary racks (such as a M'U- i2 and BRU-32) are not considered carrisge
stores. Bxamples of (non-ARIS) carrisge stores include (but sre not limited
to) the LAU-88 and LAU-117 Muverick launchers, and BRU-33 Vertical Bivatnr
Rack. '

3.4.2 Misaion atare. A missiv. store directly supports s specific
nission and exc.iudes suspension a4 release equipment (carriage atores).
Examples of mission stores include (but are not limited to) missiles, bombs
and electronic puods.

3.5 Storea Management Syatem [SNS). The stores manogement system is the
aircraft svionic subsystem that controls and monitors the operational status
of aircraft installed storea and providca and manages the communications
between aircraft mounted stores and other aircraft subsystems.

3.6 Suapenaion and lelesae Equipment. (SARR). The suspension and release
equipment includes all airborne devices used for carriege, suspension,
employment, and jettison of stores, such as racks, adapters, launchers,
pylons, etc. The S&RE includes “permanently mounted" equipment such as

" parent bomb racks (e.g. BRU~32) and removable carriage stores (see 3.4.1).

3.7 Praovisions. Provisions are needed materials and space provided in
advance to allow incorporation of added functions in the aircraft or store
without modification other that the addition or changes to connectors,
cables and hardware/software necessary to control the added functions.

.




4. GENBRAL

4.1 Qvexview of MIL-STD-176Q.

4.1.1 Scupe. NIL-STD-1760 covsrs the ‘electricsl' portione of the
interections between the aircraft and the store. NIL-SID-1760 defines a
standard interface for the tranafer of electrical power from the aircraft to
the store and transfer of information betwean aircraft and store. In
addition, MIL-STD-1760 provides design requirements for the management of
aetworka used to tranafer electrical power and information between the
aircraft and the store. Non-electrical interactions such as transfer of
!t‘gl. hyg:gnc power, coolant, pneumatic power, etc., are not covered by

The intent behind NIL-STD-1760 is to support achievement of interoperability
between independently designad stores and aircratft by imposing specific
intertface design requirements applicable to each. The overall goal of the
atandard is to remove the non-standard electrical interface as an
obstruction to interoperability. Modification of aircraft and store
hardware to allow new individual combinationa to operate together is ta he
minimized. The use of adapter modules is to be discouraged. In this way,
the effort and cost necessary to integrate aircraft and stores will be
ninimized.

MIL-STD-1760 is designed to be flexible enough to accomodate individual
system peculiarities. In particular, implementation may change with
technology advances as long as the interface characteristics are maintained.
The MIL-STD addresses only the electrical interface between aircraft and
stores. Compatibility parameters such as size, weight, aerodynamics,
avionics capabilities, etc., must be satisfied in addition to the electrical
interface in order tc realize interoperability. The electrical, or
MIL-SID-1760, porticn of the aircraft/store integration effort will
ultimately be limited to developing software modifications necessary to
accomodate new stores.

The electrical interface between the aircraft and a store, or between a
carriage store and a mission store, is represented physically by the surface
at which the two sides of the interface make or break electrical contact.
This occurs at the contacts in a mated electrical connector set, one half of
which is considered to be the aircraft side and one half of which is
considered to be the store side. All electrical power and information is
transferred between units (e.g., aircraft, mission stores, etc.) across
these contacts. Ideally, a functionally equivalent unit can be substituted
at the interface with no change in the operational characteristics of the
unit on the other side of the interface. MIL-STD-1760 controls the
electrical characteristics of aircraft and stores as seen at the interface,
so that aircraft and stores may be interchangeable at that interface to the




meximun degree posaible. As stated in the previous paregraph, total
interoperability is achieved only after other sircraft-store compatibility
issues (i.e., other than MIL-STD-1760) have been addressed and resclved.
Aircraft and store compliance solely with MIL-SID-1760 will not directly
result in interoperability but will remove electrical interfacing obstacles
to achieving interoperability. ]

An aircraft achieves interoperability by containing one or more
intexoperable atore stations. In the most general sense, an aircraft can
contain other atore stations which are not interoperable; for example, a ]
station designed for carrying external fuel tanks only. For a store scation }
to be an interoperable candidate, two criteria must be met. First, the
store station must contain suspension and release equipment such as a MAU-12
or BRU-32 parent ejector unit or & rail launcher. Second, the store station
must he capable of carrying more than one stoxe tyne (at different times).
The intent of these criteria is to axclude dedicated “tore stations" (such
a8 internal guns and internal chaff dispensers) and to exclude locations
such as equipment bays with replaceable ECM modules or stations for
conformal fuel tanks.

The MIL-STID-1760 functional interfaces are illustrated in figure 1. The

specific implementation of a particular subsystem, i.e., misaion store, i
carrisge store, aircraft electronics, is tha responsaibility of that 3
subsystem designer and is independent of the other subaystems from the i
persp~~tive of the ARIS. The interface characteristics, however, are ‘ 1
controlled by MIL-STD-1760 so that any subsystem may be interchanged with
any functionally equivalent subsystem and still maintain circuit
compatibility at the interface.

MIL-STD-1760 defines electrical chsracteristics at two major interfaces,
i.e., the Aircraft Station Interface (ASI) and Mission Store Interface (MSI)
as shown in figure 2a. Two additional interfaces, the Carriage Store
Interface (CSI) and the Carriage Store Station Interface (CSSI) shown in
figure 2b also comprise the electrical interconnection system. The physical
locations shown in the figure are typical locations. Whether the ASI
connector is at the bottom of a pylon, in an access "well" in the pylon or
on some other structure for non-pylon carriage modes (e.g. conformal
carriage) does not change the underlying interface definitions and
requirements.

Interface characteristics for the GSI and CSSI are not specified in
MIL-STD-1760. However, the characteristics defined for the ASI and MSI
include allocations for the design of a carrisge store and the two
associated umbilicals from the carriage store to the ASI and to the MSI.
Following are definitions of each interface segment:

Adixcraft Station Interface (ASI). An aircraft station that
complies with MIL-STD-1760 is defined as an ASI. The "aircraft
station" is taken to be at the lowest point of electrical
equipment that is designed exclusively for the aircraft type and
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FIGURE 2a. Example of mission store connected directly to aircraft.
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MISSION STORES

FIGURE 2b. Example of mission stores connected to carriage stores.

FIGURE 2. Typical AEIS interoperable interface locations.

10

[ 3 .. LN ) Faf 8.1 e v . |




model, whether or not the particular piece of equipment is
; , ' permanently attached to the basic airframe. For example, an
fﬁ_ underwing or underfuselage pylon is. considered to be part of the
airplane even though it may be installed or removed depending on
L o the requirements at the time. The intercperable interface -

: location on a pylon is at the connection point which is
considered as the lowest point of the aircraft. Typically, an
umbilical cable is mated to this conmnector to allow electrical
comnection with the installed store. In effect, this umbilical -
cable acts as an "extension cord" from the ASI to the store's
electrical connector. :

- Carriage Store Intexface (CSI). Carriage stores that are .
' eapable of being carried on aircraft stations that comply with - 1

MIL-STD-1760 are defined as MIL-STD-1760 compatible carriage -
stores. The interconnection point at the carriage store for : :
interfacing with the aircraft is defined as the CSI. The
performance characteristics of the ASI to CSI umbilical must be
considered in establishing the characteristics of the CSI.
Specific electrical characteristics for the CSI are not included
in the standard. The CSI is physically the electrical connector
which is permanently part of the carriage store and through which

 the carriage store is electrically connected to the alreraft.

Carriage Store Station Interface (CSSI). A carriage store
station that is capable of carrying mission stores which comply
with MIL-SI7~-1760 is defined as a MIL-STD-1760 compatible
carriasge store. The interconnection point at the carriage store
for interfacing with the mission store is defined as the CSI.

The performance characteristics of the CSSI to MSI umbilical must
' be considered in establishing the characteristics at the CSSI.

Specific electrical characteristics for the CSSI are not

included in the standard. The CSSI is physically the electrical

connector which is permanently part of the carriage store and

through which the carriage store is electrically connected to a
‘mission store.

Mission Store Interface (MSI). The electrical interface on
mission stores which comply with MIL-SID-1760 is defined as the
MSI. The MSI is the physical connector which is a permanent part
of the mission store through which the store is electrically
connected to the carrying aircraft (or carriage store).

Each ASI and MSI may be implemented with two separate signal sets identified
- as the primary interface signal set and the auxiliary power signal set. The

signels contained in each set are shown in figure 3 for the primary signal

set and figure 4 for the auxiliary power signal set. Separate connectors
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are used for each set. The aircraft is defined to have specific interface
capability when identified by the following classes:

Class I - Full Primary Signal Set _

Class JA - Full Primary and Auxiliary Signal Sets

Class II - Primary Signal Set excluding High Bandwidth 2 and 4,
Fiber Optic Channels 1 and 2, 270 VDC Power and Power
Return

Class IIA - Class II plus Auxiliary Signal Set

Mission stores are defined as being compatible with the applicable class
above., This compatibility is achieved by complying with defined
requirements (in the standard) spplicable to those signals used by the
store. If the signals required by & store are all contained within a class
I1 signal set, then the store is considered as a class II (compatible)
store. However, the store is not required to use all class II signals. (By
definition, a class II (compatible) store is also compatible with class IIA,
class I and class IA interfaces.)

4.1.2 Requirements. MIL-STD-1760 defines the electrical interface

. requirements for supporting high bandwidth signals, mulitplex data bus
signals, low bandwid’h signals, dic-.rete signals and power. The electrical
characteristics for svoporting each of these signals are defined in the
standard at the ASI ania MSI interconnection points. (In the discussion
which follows, the elecirical connection within an ASI or MSI for each
signal is referred . as a signal port or simply a port.) Except as
specifically noted »elow, these signals are provided through the primary
signal set interface shown in figure 3.

4.1.,2.1 High bandwidth gignals. Four high bandwidth ports, identified as
HB1, HB2, HB3, and dB4 are available for transferring two types of high
bandwidth signals distinguished by the signal's frequency content. Type A
signals are contained within a passband bounded by 20 Hertz and 20
MegaHertz. Type A signals include composite video and time synchronization
signals. Type B signals are contained within a passband bounded by 20
MegaHertz and 1.6 GigaHertz, and include low power radio frequency signals
such as Global Positioning System (GPS) RF. Signal assignment for each high
tandwidth port is as follows:

a. Radio frequency signals (Type B) are transferred on HBI.

b. Time correlation (synchronization, clocking and blanking)
signals (Type A) are transferred on HBl and HB2.

c. Composite video signals (Type A) are transferred on HB3 and
HB4.

14




The HB1 and HB2 ports are specified as 50 ohm (nominal) dance circuits
while the HB3 and HB4 ports are defined as 75 ohm (nominal) impedance
circuits.

The extent that these signals are actually transferred between stores and
aircraft subsystems or between stores via the aircraft varies with the
mission requirements for each aircraft. As a result, the standard does not
impose a specific network topology or capacity on the alrplane.

4.1.2.2 Digital multiplex data gignals. The digital multiplex data ports
provide signal interconnections so that MIL-STD-1553 remote terminals
installed in the stores can exchange serially encoded data with similar
terminals in other stores or in the carrying aircraft. Redundent channels
(Mux A and Mux B) are provided for transferring information, store control
and store status data between aircraft and stores connected to a common data
bus. The store's remote terminal is assigned a communications address via a
set of address discretes (see 4.1.2.4.3) when connected to a specific
aircraft station interface.

4.1.2.3 Low bandwidth signals. One low bandwidth port is available for
transferring bi-directional signals (DC to 50 kiloHertz) between the
aircraft and stores. The signals assigned to this port include tones and
voice grade audio. The port characteristics are also specified to allow
potential future applications as a low cost, low speed serial digital data
link alternative to the Mux A and Mux B ports of 4.1.2.2.

4.1.2.4 Discrete signals.

4.1.2.4.1 Release congent signgl. One port identified as release
consent, is used by the aircraft to transfer an enable/inhibit signal to the
store for the purpose of granting consent to the store to act on safety
critical commands received over the digital multiplex data bus. The return
line for release consent is the 28V DC power 2 return line. The actual
store release, however, is commarded by the aircraft over the digital
multiplex bus or through other media interconnecting the alrcraft stores
management system with the station's parent rack. The release consent
signal is not a firing signal.

While release consent was orginally established (and named) as an
enable/inhibit safety interlock on the release of certain types of stores,
the signal function has been broadened somewhat. The release consent is now
viewed as a reversable enable/inhibit interlock for any safety critical
function commanded of the store over the digital multiplex data port.

4.1.2.4.2 Interlock interface. One port, identified as interlock (and
its associated interlock return), is available to the aircraft for
monitoring the mated status of the primary interface connector. Similarly,
an additional port is available to the aircraft for monitoring the mated
status of the auxiliary interface connector. This monitoring feature is
provided by a continuity loop between interlock and interlock return in the
store such that as long as the store connector is mated, continuity exists.

15
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While .elease of a store from the aircraft will break the electrical
interconnection and thereby lose continuity, simple loss of continuity must
not be used as the sole criteria to establish a store "not present"
condition since the store could be mechanically attached to the aircraft
with the connector not mated. The operating sequence for rail launching
some types of missiles (e.g., AIM-120) provides a good example of the
differences between electrical separation and mechanical separation.

4.1.2.4.3 Address signals. Another type of discrete sigral in the :
primary interface is the address signal. Five binary weighted address
lines, one parity line and one common return line are provided by the
aircraft to assign the store's MIL-STD-1553 terminal an address (between 0
and 30) for data bus communication. This discrete set can also be used by
the store to determine the mated status of the primary interface connector 3
(i.e., th§ store's equivalent to the interlock discrete described in
4.1.2.4.2),

4.1.2.5 Structure ground. One line is used to connect the aircraft
structure to the store structure for the purpose of minimizing electric
shock hazards. The line must not. be used specifically as a power or signal
return line. (See 5.4.4 for comments on MIL-STD-1760 paragraph 4.3.1.8.)
The structure ground circuit is contained in both the primary and auxiliary
interfaces.

4.1.2.6 Power. Two power lines and two return lines are contained in the
primary interface to transfer 28V DC power 1 and 28V DC power 2 to the
store. Four lines are used to transfer 115/200V AC power (three phases and
neutral) through the primary interface to the store. The auxiliary
interface contains two lines for 28V DC power and return, and four lines for
1157200V AC (three phases and neutral).

4.1.2.7 Growth provisions. Provisions (two 16 gage contact locations)
for adding two fiber optic communication channels to the primary signal set
are con*ti : :d in the class I primary interface connector. Provisions (two
16 gage ¢'. -acts) for adding one channel of 270V DC (power and return) to
the primsx signal set and awriliary set are contained in the class I
primary an’ iuxiliary interface connectors.

4.1.2.8 Ccnnectors. The primary interface connector required by the
standard must omply with the intermateability dimensions of MIL-C-38999, f
Series III, Shell Size 25, with a polarization key at location N and
MIL-SID-156C "sert Ar--.gement 25-20. The auxiliary interface connector is
identical to the primary interface connector except the polarization key
location is A and the MIL-STD-1560 Insert Arrangement is 25-11. These
connector requirements apply to all ASIs. The requirements also apply to
all MSIs except rail launched stores and possible high volume, low cost
"simple" stores (see 4.3.3).
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4.1.3 Exclusigns. Aircraft/Store Electricai Interconnection System
(AEIS) refers to standardized weapon interfaces and certain
interrelationships between those interfaces. Performance requirements at
this interface are specified in MIL-SID-1760. AEIS does not specifically
refer to an assenmbly or software embedded in en aircraft or store, with the
implication that this assembly could be removed from the aircraft or store
and be regarded as an "AEIS syatem". AEIS does, however, impact several
aircraft systems such as the stores management sysieam and power distribution
system. It is expected that implementations of the ARIS in different
aircraft and stores will use different design technologies. However, the
interface characteristics between the aircraft end store are standardized at

each interface (ASI and MSI) by MIL-STD-1760.

- . 4.1.3.1 -Stares manggement system (SMS). Aircraft equipments assipgned to
the Stores Management System (SMS) implement the aircraft portion of the
ABIS. In recent generation tactical aircraft, a "disbributed" SMS has been
selected. This SMS is typically composed of a central processor, dedicated
and/or shared controls and displays, Store Station Equipments (SSE) and
miscellaneous aircraft interfece equipment. The SSEs are generally located
close to the Aircraft Station Interface. These SSEs are raferred to as
Remote Interface Units, Station Decoders, Missile Interface Units, etc., on
various aircraft and provide a common function - control of interface inputs
and outputs required to operate a specific store or set of stores. For an
SMS with these store station equipments, the aircraft's MIL-STD-1760
interfac2 (i.e., ASI) is implemented in this equipment - at least as long as
operation of other non-AEIS stores is required. The AEIS standard,
therefore, impacts these SSEs just as interface requirements of non-AEIS
stores impact the SSEs. However, the SSE is only one part of the SMS.
Other major functions of an SMS include the processing of information,
control and monitoring store states, interfacing with the flight and ground
crew, and interfacing with other aircraft avionics. The AEIS standard has
minimal impact on these other SMS functions. As examples, MIL-STD-1760 does
not define control/display requirements for the man-machir: inierface or
specify the allocation of processor memory between volatile and non-volatile
types. Therefore, although the AEIS impacts the SMS by imposing
requirements on the SMS, MIL-STD-1760 is not a Stores Management System
specification or standard and allows a high degree of SMS implementation
flexibility.

4.1.3.2 Jettison. At least two catagories of jettison are defined by
armament system specifications: Emergency jettison and selective jettison.
Other names are used for these functions in various documents but they can
generally be classified into one of two categories.

(1) Jettison (i.e., unarmed release) of "all" stores in response
to an emergency such as being attacked by an enemy fighter.
The word "all" is qualified because in most cases air-air
missiles are not jettisoned. For air-ground store stations,
the aircraft is generally cleaned at the highest point. For
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example, if an aircraft is carrying six 500 pound bembs on a
Multiple Ejector Rack (MER) at a station, the MER may be
jettisoned with the aix bombe attached.

(2) Jettison of only those stores selected by the flight crew.
For this case, the individual bombs on the MER (in the above
example) can be jettisoned without releasing the MER or
stores at selected stations can be jettisoned while other
stores are retained.

As a general case, the jettison furction is achieved by the SMS and the
Suspension and Release Equipment (SSRE) at a store station. The S&RE
provides a mechanical interface between aircraft and store analogous to the
electrical interface provided by the AEIS. The power and information fur
achieving this jettison function does not normally cross AEIS interfaces and
is not, therefore, addressed by the AEIS standard. The only cases where
this doesn't apply are: (1) for selective jettison of mission stores (e.g.,
bombs) from a carriage store (e.g., MER); and (2) for unarmed firing of a
self-firing rail launched missile. Both of these exceptions are actually
unarmed releases and can, therefore, be provided through the capabilities in
the AEIS interfaces.

4.1.3.3 Internal store functions. Similar to the SMS functions discussed
in 4.1.3.1, most internal store functions are not impacted by MIL-SID-1760.

While the AEIS standard defines characteristics of the mission store
interface, design and operating requirements on internal store functions are
not covered by MIL-SID-1760. As examples, the AEIS standard does not define
the power supply voltage levels for internal store circuitry, for the
information transfer mechanism between subsystems within a missile, or for
the performance required for mid-course guidance.

4.1.3.4 Carriage storeg. Carriage stores (and interconnecting
umbilicals) can be inserted between the ASI and MSI (see figure 2b). Since
MIL-STD-1760 specifies the requirements at the ASI and MSI, the interface
requirements on the carriage store are bounded at each end (i.e., ASI and
MSI), thereby minimizing the need to define detail requirements for the
carriage store interfaces (i.e., CSI and CSSI). Designs of carrisge stores
can, therefore, extract needed CSI and CSSI characteristics from the ASI and
MSI requirements. In extracting these characteristics, the performance
degradation from the two umbilicals (ASI-CSI and CSSI-MSI) must be
considered during the design of the carriage store.

4.1.3.5 Ground Support Equipment (GSE). MIL-STD-1760 impacts the design
of GSE since GSE connects to the aircraft and store at the interfaces.
However, the procedurcs and fault isolation algorithms will vary between
different aircraft and stores. Therefore, MIL-STD-1760 does not address
specific GSE design requirements. It is not the MIL-STD-1760 interface
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that is teated, but rather specific SMS or store 1npltnnntationa of that
1ntertace that is tested.

4.2 PBaaic deaign areas. The systen design soction herein provides an
explanation of the design requirements as delineated in MIL-STD-1760 and
provides application guidelines with examples for meeting the requirements.
Also provided are results of teects performed on representative AEIS
networks, specifically in the areas of EMI and electrical performance
charucteristics. Tha system design section is divided into four areas:

1. Aircraft station electrical design

2. Migsion store electrical design

3. Aircraft and mission store physical dguign
4. A commentary on MIL-SID-1760

4.2.1 Airxcraft station electrical interface. Specific areas discussed
include the interrelationship of MIL-SID-1760 to evionic systems and design
aspects pertaining to digital data transfer, discrete lines, high bandwidth
distribution, power distribution and EMI.

4.2.2 Mission stare slectrical interface. Specific areas discussed
include design aspects pertaining to digital data transfer, discrete lines,
arming and motor ignition safety, jettison safety, high bandwidth signal
usage, power usage, electromagnetic compatibility, signal
subsets and growth provisions.

4.2.3 Aircraft and mission stare interface physical design. Specific
areas discussed include the commonality of umbilicals, environmental
considerations, and connector and cable assembly considerations.

t$.2.4 Commentary on MIL-STD-1760. The commentary on MIL-STD-1760
provides background information on the requirements in MIL-STD-1760.
| Basically, the requirements are discussed from the following perspectives:
0 An explanation of the requirement
o Rationsle for the requirement -
o Subtleties of the requirement and

o Reference to appropriate sections in this report which expand
on the rationale and design considerations for complying with
the requirement

4.3 Future expension of MIL-SID-1760. MIL-STD-1760 is structured to

allow future update to include advanced technologies presently in the
developrent nhase. Four technologies in various stages of development
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which may be applicable are: High Voltege DC electric power systems, fiber
optics information distribution, low cost store interface subset, and High
Bandwidth digitel communications.

4.3.1 High Voltage DC electric gyatema. The high voltage DC (270V DC)
electric system under development offers several potential advantages over
the existing standard 115/200 volt AC system. These advantages include the

following:

1. HVDC eliminates the need for a constant speed drive, thereby
reducing weight and maintenance associated with generator
drives.

2. HVDC allows the use of a wild frequency generator which is ]
light in weight because operation can be at very high and

‘ varying speeds.

’ 3. DC/LC converters are lighter in weight than AC/DC converters
because high frequency transformers can be used.

4., HVDC allows a reduction in wire weight.

5. Bus power drcpout during power source switching can be
eliminated because parallel operation is easier to accomplish
with DC systems than with AC systems.

Although MIL-STD-704 includes 270V DC as a "legal" standard power system
voltage, the availability of a HVDC electric systen for aircraft has been
slow in developing. This is primarily due to the time and cost required for
developing and fielding new hardware (generating systems, power controllers,
converters, ground power carts, etc.). Also, changing to a new voltage
standard (270V DC is intended to replace 115/200V AC) results in a short
term penalty since immediate conversion would make 115/200V AC equipment in
inventory obsolete and gradual conversiou would have a negative impact on
system complexity and logistics. Consequently, MIL-STD-1760 retains the
standard 115/200V AC and 28V DC power voltages - while reserving connector
provisions for 270V DC in the event that 270V DC systems are introduced into
alrcraft systems. This reserved status is intencad to restrict
implementations to some degree. For example, a store can not be designed

to require 270V DC. For a store to require 270V DC would result in en
immediate obstruction to interoperability since aircraft will not provide
270V DC at an ASI at this time.

4.3.2 Fiber gptics. Similar to the HVDC case, fiber optic communication
techniques can offer significant advantages to future aircraft-store
interface performance if higher data rates or higher electromagnetic
environmental requirements are needed. While near-term projections indicate
that MIL-STD-1553 communication links provide an adequate service capability
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/ requirement is included in MIL-STD-176C.

for the weapon, growth provisions are included in the interface for fiber :
optics. These provisions are limited to two 16 gauge contact cavities in |
the primary connector for two reasons. Firgt, studies to date have not
shown conclusively that an optical path through an ajrcraft-store interface :
can provide adequate control of aignal losses when operating in the typical ]
ASI/NSI environmen’. Second, efforts are currently underway to evolve a ]
multi-Megabit per ucond tiber optic communication standard (other than
NIL-STD=1773) for military spplications. The intent of the Air Ferce and
Navy developers of MIL-SID-1760 is that the ARIS will adopt the fiber optic
standard once it is availaeble and an application to stores is nceded. Since
design requirements such as operating wavelength(a), optical waveguide core
size, optical contact performance, etc., can be significantly affected by
the"-nquinmntl in the fiber optic compunication standard, the prudent ]
approach at this time is to specify only the contact cavities. This cavity

4.3.3 Louw nost gtores. An alternative serial digital interface is being
considered for "low cost stores" such as unguided bomds, dispensers, etec.
Alternatives under investigation include: (1) Using the Low Bandwidth
interface in an EIA-RS-485, Manchester encoded, point-to-point data link
mode, (2) using a non-redundant, reduced capability MIL-STD-1553 data link,
or (3) using & MIL-STD-1553 data link with low power transceivers.

These alternatives are being studied for the following reason. The
installation of MIL-STD-1553 terminals in stores would be a significant cost
imp-2t on present high volume low cost stores such as unguided bombs. Based
on present electronics cost, the cost delta to a store for this interface *
could be two orders of magnitude less if non-MIL-STD-1553 terminal hardware
were used. This difference in coat, however, is narrowing rapidly and may
be insignificant in the near future. Alternative serial digital techniques
are being studied for use if the cost reductiuns expected do not
materialize.

4.3.4 High Randwidth. The high bandwidth transfer media requirements
specified in MIL-SID-1760 include provisions for accommodating future weapon
requirements. As such, no changes to the standard are expected for adding
capacity in the form of additional bandwidth, higher signal levels, etc. As
an example, HB3 and HB4 ports are defined with a 20 MHz upper frequency
limit for video applications. Typical video signals in current stores have
an approximate 6 MHz upper frequency limit. However, high resolution video
systems are being considered and are being included in military video
standards (re: STANAG 3350). As a result, MIL-STD-1760 includes the higher
bandwidth specification fcr encompessing the high resolution video.

4.3.5 Ininanzm,m_nnmemenm. Notice 2 to MIL-STD-1760 revision A
was released (24 Octcoer 1986) to define aircraft and store requirements for
a standardized store iritialization procedure. This procedure defines:

(1) Permitted states of interface signals during initialization; (2) the
pawer lines to be activated at initialization; (3) the MIL-STD-1553 message
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(and its format) to be requested from the store for determining the time of
store "wake-up® and the identity of the connected store: and (4) minimum

level of communication protocol to support the identity message.

4.3.6 Lagical elsment. A Notice 3 to the standard is scheduled to be
released to #dd the remainder of the standardized logical clement of the
ARIS. This proposed notice is still in a review process and as such it's
content and scope are subject to change. The proposed notice is expected to
define additional communication requirements oriented primarily at the MIL-
STD-1553 portion of the AEIS. These requirements are expected to include:
(1) identification of MIL-STD-1553 options which will be required or
disallowed for ARIS applications; (2) specific messsge assignments for
certain command subaddresses; (3) control of certain MIL-STD-1553 mode
command and status function interpretations and uses; (A) definition of
messages for safety critical store functions; (5) selection of a common set
of coordinate systems for data; and (6) specification of svme data word
formats for specific types of data.
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5. SYSTEM DESIGN ‘

Aj \

This section provides beckground information and deaign considerations for ;,mmfgij_[
" use during the application (i.e., design) of MIL-STD-1760 to aircraft,

stores and interconnecting umbilical cables. The infurmation is presented
in subsections divided by design responsibility. .That is, Section 5.1
covers design issues of interest primarily to the aircraft or stores
management system design staff while Section 5.2 is oriented primarily
toward the mission store design staff. Section 5.3 addresses physical
design issues related to electrical connectors and cable assemblies and is

‘applicable to both aircraft and store designers.

While the material in this report is segregated by interface responsibility
(i.e., the aircraft designer is responsible for compliance with ASI
requirements of MIL-STD-1760, etc.), readers are encouraged to understand
both aircraft and store design issues, options and implications. A more
thorough understanding will enhance the application of AEIS to weapon
systems.

Finally, the reader is reminded that this report covers interfacing and
integration issues related to MIL-SID-1760A. This report is not a missile
or SMS design guide. As such, this report does not address: (1) Logical
interface aspects (e.g., communication protocol, etc.) to be covered by a
future notice to MIL-STD-1760A, or (2) internal missile subsystems and
stores management system design considerations which extend beycnd AEIS
interface requirements.

5.1 Aircraft station electrical interface. This section provides
supplementary explanations of MIL-STD-1760 requirements and design
considerations applicable to the Aircraft Station Interface. The
information is applicable primarily to the aircraft system designer.

5.1.1 Stores management system versus AEIS. The AEIS influences the
design of systems within aircraft and stores due to reliance on these
systems to implement the AEIS intcrfaces. The overlap of AEIS into these
systems is shown in figure 5.

The primary aircraft system affected by MIL-STD-1760 is the Stores
Management System (SMS). The aircraft SMS contains several major functions
such as information processing, interfacing with flight and ground crew and
interfacing with various aircraft avionics in addition to interfacing with
the store for control and monitoring of store functions. Of these
functions, only the store interface portion of the SMS is directly impacted
by MIL-STD-1760. The SMS function can be implemented with a number of
different architectures and equipmant mixes. Specific SMS functions may be
implemented by electronic boxes assigned to systems which typically are not
considered as SMS. As an example, cne aircraft design might switch power to
an ASI via the aircraft's power distribution system based on inputs from a
Stores Management Processor (SMP). Even under this condition, power
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swtiching is a SMS function even thoughkthe switching is performed by other
system equipment. In this context then, the SMS is the primary aircraft
system impacteéd by MIL-STD-1760. Once the Logical Element requirements are

added into MIL-STD-176C (via notice, revision, etc.), other aircraft systems

could be indirectly affected. These indirect influences would result
primarily from data word standardization by the Logical Element and the
possible roll-over cf these data word formatting requirements into the
aircraft's avionic data buses. However, even these potential impact areas
could be decoupled from the aircraft avionics by the SMS. Similar
decoupling exists on F-16 and F-18 aircraft between the aircraft's avionies
data buses and the data buses servicing the store interfaces. Not only are
the data word formats changed in these cases but, the electrical
characteristics of the data bus signals may also be different.

By presenting an overview of potential SMS architectures and SMS equipment
descriptions, the clarity of AEIS design issues and possible impact areas
can be enhanced. To help achieve this clarity, figure 6 illustrates two
representative SMS architectures and the equipment which could be used to
form the systems. It is emphasized that this figure is presented to aid in
the discussion of follow-on report sections and is not intended to
represent all possible architectures or to provide recommendations on SMS
architectures.

Figure 6a 1llustrates a generic centralized SMS architecture. From a
general perspective, this architecture is representative of a number of
current inventory aircraft such as A-6D, F-14A, F-15A, F-4, .A-7D/E and
A-10A. This architecture is represented by (essentially) one central box
which implements the SMS logic processing and power and analog switching
functions necessary to control stores as well as the Suspension and Release
Equipment (S&RE) such as BRU-12 parent bomb racks at each station. This one
central unit is ususlly supported by ancillary control/display panels and
peculiar interface equipments such as the Navy's AWW4 electrical fuzing
power supplies or specialized missile controllers. This central unit is
referred to as the Stores Management Control Unit (SMCU) in this report.
The SMCU interfaces to other avionic equipment through a mix of discretes,
analog and serial interfaces or through an Avionics Multiplex Data Bus
(AMUX) as shown in the figure. The SMCU then connects to the MIL-STD-1760
ASI via the aircraft wiring. It should be noted that the SMCU will connect
to the existin% (non-MIL-STD-1760) station interfaces also shown in the
figure. 2 r*'

The second SMS architectur° configuration (figure 6b) splits the centralized
SMCU into separate units and distributes these units into different aircraft
areas. These distributed units are interconnected with a Stores Management
Multiplex Bus (SMUX), with a wideband signal network (for video, audio, RF
and pulse signals) and with a limited power distribution network. (This
architecture is comparable to the current SMS in the F-16 and F-18.) The
information and logic processing functions are centralized in a Stores
Management Processor (SMP). This SMP provides centralized control of the
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SMS and all loasded stores. The SMP also provides a centralized interface
into the aircraft avionic system (shown in the figure by the connection to
the AMUX data bus).

", An ancillary box (Aireraft Interface Equipment or AIE) is also shown in

figure 6b. The AIE function is to interconnect the wideband signals between
aircraft stations and avionic equipments such as cockpit CRT displays. This .

routing is controlled by the SMP via the SMUX interface to the AIE. The AIE

also provides power switching from the aircraft power bus to the store
station under SMP/SMUX control.

The last components of the distributed SiS are the Store Station Equipment

- (SSE) units. (This SSE is referred to ac remote interface units on the F-16

and as decoders on the F-18.) The SSE extracts information and control data
from the SMUX and converts this data to signals passed to stores through the
non-MIL-STD-1760 station interface or through the MIL-STD-1760 ASI as
appropriate. As is covered in later sections, the multiplex ports in
MIL-STD-1760 ASls can be cornected directly to the SMUX without SSE
conversion. The SSE also interfaces with the SSRE (such as a BRU-32 parent
bomb rack) to control the mechanical interface. The control of this S&RE
int :rface is a SMS function that 1s not part of MIL-SID-1760.

As stated previously, other combinations of equipments and SMS function
allocations can be derived to implement a SMS in any specific aircraft. The
specific equipments described here provide a common reference for technical
discussions in the follow-on report sections. Once again, it is

emphesized that the above overview of pussible architectures is presented
not as SMS design recommendations but as an aid to clarifying technical
discussions which follow.

For the centralized SMS concept (figure 6a), MIL-STD-1760 car. have a
significant impact on SMCU design requirements. The AEIS may also ircrease
the number of wires and cables in the wire bundle between the SMCU and
station interfaces. This increase, in large part however, is not necessary
if shared conductor concepts are used.

For the distributed SMS concept (figure 6b), only secondary impacts are
expected on the SMP and AIE units. The extent that the SMP and AIE are
affected depends on specific technologies and concepts used in the SSE. The
primary impact of the AEIS is on these SSE units. This occurs since the SSE
provides thke input/output interfaces to the MIL-STD-1760 ASI.

As a point of reference for discussions in later portions of this report,
figure 7 illustrates a functional division of a typical SSE. "he primary
purpose of this figucre is to relate the impact of MIL-SID-1760 on the SMS by
using the SSE as an example. As a result, the figure emphasizes the AEIs
portions of the SSE with only cursory references to other SSE functions such
as control of the parent bomb rack and interfaces to non-1760 stores.
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References to specific sections of this report are shown at the 1760 ASI
connector in the figure. As an example, the ASI ports for Mux A and Mux B
interfaces are referenced to section 5.1.3 of this report. Details of
multiplex data interface considerations for the aircraft are covered in this
referenced section. (It is not intended that figure 7 imply tht SSEs should
use a gateway or bridge type interconnect between the Stores Management
System bus and the Mux A and B ports in the ASI. Such an interconnect is
simply shown as an example.) Similarly, the associated bus address
interface function is discussed in detail in section 5.1.4.3. This bus
address interface may be provided by a hardwired connection at the ASI (as
implied in figure 7), by an electronically controlled address interface
-inside the SSE, or by other means. .

Details of considerations for implementing the interlock function are
covered in section 5.1.4.1 while release consent requirements are presented
in 5.1.4.2. Section 5.1.5 addresses issues and concepts for implementing
the High Bandwidth ports of the ASI along with aircraft networking options
and technologies. In a similar manner, section 5.1.6 covers networking
considerations for the Low Bandwidth interface. (As discussed in these two
sections, HB and LB switching functions are not required in the SSE with
certain network concepts or may be replaced with electronic multiplexing
techniques if other network concepts are selected for the aircraft.) Those
issues affecting the power (28V DC, 115/200V AC and 270V DC) interfaces are
described in section 5.1.7.

5.1.2 Selection of interface classes for aircraff stations. Several
interface classes are defined in MIL-STD-1760 which apply to the ASI. These
classes are shown in table I along with the applicable signals. The
standard requires the aircraft to provide the full signal capability
identified by the designated class. By providing this full capability, a
minimum level of service at the ASI is assured for store applications.

As an example, the class II interface listed in tahle I includes Mux A and
Mux B serial digital interfaces; High Bandwidth 1, High Bandwidth 3 and lLow
Bandwidth signal ports; address, interlock and release consent discretes;
and 28V DC power 1, 28V DC power 2, 115/200V AC and structure ground power
interfaces. While a mission store is only required to implement those
signals of the class II interface needed for store operation, the aircraft

is required to implement all of the class II signals to provide this minimum
service utility.

Since class IA represents maximum ASI capability, it is desirable for the
aircraft to install class IA ASIs at all aircraft stations. From a
practical viewpoint, however, this level of capability is not considered as
necessary at gll stations.

The following comments are presented to provide guidance on the types of
applications envisioned for the various interface classes. It must be
realized, however, that the services required by certain types of stores
discussed below may change in the future.
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TABLE I.

Interface classes.

SIGNAL TYPE

INTERFACE CLASS

IA

I

1IA

PRIMARY

Mux A
. Mux B
| High Bandwidth 1
High Bandwidth 2
High Bandwidth 3
High Bandwidth 4
Low Bandwidth

Release Consent
Interlock
Address

28V D Power 1
28V DC Power 2
1157200V AC -Power
270V DC Power

. Stucture ground

- AUXILIARY

" Auxiliary 28V DC

Fiber Optic Channel 1
Fiber Optic Channel 2

Auxiliary 1157200V AC

Auxiliary 270V LC

Auxiliary Structure Ground

L Auxiliary Interlock
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LEGEND

E Aircraft is required to provide capability and except for

special cases, mission store is required to use interface.

very

X Aircraft is required to provide capability but mission store has
option of using or not using signal.

M Mission store is required to provide interface but aircraft has
option of monitoring or not moniioring interface.

C Aircraft is

use interface ii the

A Aircraft and mission store must implement interface.

o ud e
;core uses Mux A/B.

wide capability and mission store must
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The class IA interface provides the full primary signal set plus the
additional power capacity of the auxiliary power interface. This interface
class is primarily envisioned for operating electronic pods with high power
and multiple high bandwidth signal requirements. Self-cooled, forward
looking infrared pods and Blectronic Countermeasure (ECM) pods &re
representative of this type of store. These pods are expected to be
instalied on fuselage stations (centerline or cheeks) or on heavy wing
stations. '

The class IIA interface is applicable to similar stores and aircraft
stations. The major difference hetween class IA and IIA interfaces is that
class IIA does not contain HB2 and HB4 ports. As a result, the primary
impact of installing class IIA irstead of IA is that support for some of the
multiple high bandwidth requirements is not available. Typical high power
level pods which might require the multiple HB support include ECM pods and
target acquisition pods.

A second category of store installations which could require class IA or IIA
interfaces is the multiple carriage of "smart" stores on a multiple station
ejector rack or multiple station launcher. These multiple carriage
installations will, like the electronic pods, tend to be located at the
heavy-store stations. The major advantage of providing the auxiliary power
interface to these multiple station SS&RE is to allow simultaneous powering
of all stores on the common S&RE. The simultaneous powaring could be needed
for environmentally conditioning the stores prior to release. Without the
auxiliary power capacity, operational restrictions would likely be imposed
on the release sequence of the multiplely loaded mission stores for
accommodating sequencial environmental conditioning.

The class I interface provides full primary signal support without the
additional power capacity of the auxil‘ary interface. Use of this class is
primarily projected for fuselage or heavy wing stations on those aircraft
which lack the power system capacity for supporting class JA. (The power
capacity of the auxiliary interface will, in many instances, exceed the
unused generator power capacity of many current inventory aircraft.) The
class I interface is directed at supporting stores such as low power (less
than 4KW) electronic pods, self-powered EMC pods, multiple sensor missiles,
or some classes of anti-radiation missiles.

The class II interface covers the minimum primary signal set capability
required of ths aircraft. This class is directed at air-air stations and
the non-heavy air-ground stations. For the near-term, it appears that the
majority of aircraft stations will select the class II interface.

Table II summarizes the projected interface capabilities of several current
aircraft. As noted in the table, interface classes are identified that most
closely match the interface capability projected for different store
stations on some models of the aircraft. The table, therefore, only
provides a general overview of aircraft interface capabilities and must not
be used as design data.
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TABLE II. ASI interface classes for representative aircraft*.

CLASS AT STATION NUMBER
AIRCRAFT '
I IA I1 A |
A-6 L.R,1,2,3,4,5
F-14 1,3,4,5,6,3
| F-15 2,LCFT,5, 24,2B,3,4,

| ? RCFT, 8 6.7,84,8B
; F-16 4,6 3,7 1,2,34,5.7A,
; 8.9
| ' F-18 . 2,3,4,5,6,7,8
| . B-52 B
‘ ~ |RWR ‘
| l iBB 1N

| * This table designates the interface class that most closely matches
the projected implementation of MIL-STID-1760 for some models of the
identified aircraft. Various models of these current aircraft may not
fully implement all aspects of the listed interface class due to
retrofit considerations. For example, the high bandwidth networking
capability available &% an ASI may be less than the standavd requires
due to limjtations of currently designed aircraft. For detail
interface capabilities on specific aircraft, contact the cognizant
organization such as the appropriate Air Force System Program Office,
Navy Class Desk or weapons integration/systems engineering office (e.g.,
AD/ENSI, ASD/ENASF, NWC Code 3144, NADC Code 6012, etc.).

Abhreviagtions

LCFT = Left conformal fuel tank

RCFT = Right conformal fuel tank

LWWR = Left wing weapons rail

RWWR = Right wing weapons rail

BB = Interface in bomb bay rotary launcher. (Launcher not 1760.)
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The various aircraft station interface classes have specific compatibility
relationshipa to potential MSIs. These relationships are shown in table
III. As covered in Section 5.2.1 of this raport, MSIs sre defined as

class X compatible, where X can be . IA, II, or IIA. While the ASI is not
permitted to implement a subset of an interfece class, the MSI is permitted
to subset. This occurs because the MSI (as @ service user) may incorporate
only those interface signals needed. The MSI is not required to use all
available interface services. As a resulc, the MSI can select a “subset"
from sny of the interface classes. (See Section 5.2.1 and 5.2.10 fcr MSI
subsetting guidelines.)

Section 5.3 covers the aircraft interconnection for various AEIS class
compatible stores to a common store station interface set. This
interconnection is normally schieved with an umbilical cable.

TABLE III. MSI class compatibility.

IS COMPATIBLE WITH ASI CLASS:

MSI CLASS

i7) I TIA 11
IA X

| 1 X X
!

IIA X X
II X X X X

5.1.3 MIL-STD-1533 digital data bug. The application of MIL-STD-1553 to
the electrical interface between aircraft and stores results in several
peculiar design issues not directly addressed by the MIL-HDBK-1553 Multiplex
Applications Handbook. These issues include the reconfiguration of the
multi-lex data bus in the aircraft (see figure 8). This reconfiguration
resuits from different store loadouts for different missions and from
periodic removal of remote terminals from the network as a direct result of
store release during a mission. Other issues include: (1) Concerns about
"open data bus stubs" and how these unterminated stubs affect waveform
quality from both reflections and electromagnetic interference
susceptability perspectives; (2) uncertainties on the impact of harsh store
station environments on multiplex data link performance; and (3)
unfamiliarity with the need to impose data link electrical characteristic
requirements at an interface breakpoint (i.e. ASI and MSI) that is different
than the control point (i.e. remote terminal interface) defined in
MIL-STD-1553. The purpose of this section of this report is to supplement
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information in MIL-HDBK-1553 for those aircraft design issues which are
unique to MIL-STD-1760. This section is not intended to replace or conflict
with design issue discussions contained in MIL-HDBK-1553.

5.1.3.1 Qverview of digital serisl multiplex data bus spplications to
4RIS. Prior to MIL-STD-1760, the application of MIL-STD-1553 in avionics
systems has been primarily in fixed network configurations. These
spplications include a fixed number of terminals, each connected to the main
bus through fixed length stubs. As shown in table IV, the AEIS application
of MIL-STD-1553 implies a variable data bus network. The impact of these
bus variations are discussed in parsgraphs which follow.

411 classes of ASIs are required by MIL-STD-1760 to include a set of
redundant MIL-STD-1553B (1553) data bus stubs (Mux A and Mux B). The type
of 1553 stubs required are transformer coupled stubs as opposed to direct
coupled stubs also allcwed by MIL-STD-1553. These redundant stubs provide
interconnection paths between the aircraft Stores Msnagement System (SMS)
and the store electronics for the transfer of serial digital data between
these equipments. Except for some additional requirements, (which are
uiscussed in this report), the Mux A and Mux B ports are defined around
the terminal requirements of MIL-STD-1553.

The stores management bus network is defined (for purposes of this report)
es that collection of hardware which allows MIL-STD-1553 formatted messages
to be transferred between aircraft equipment and storec and from one store
to another store via the aircraft. There are numerous arrangements of
equipments and components which are practical network configurations.

Figure 8 represents the most basic network configuration. This
configuration aliows most of the bus components to be located within the
aircraft. In the general case, only a MIL-SID-1553 transformer coupled stub
from the main bus penetrates the skin of the aircraft for interconnection to
a remote terminal in a mission store. The only case where larger portions
of the bus network are external to thL. aircraft is when a hierarchical
architectured carriage store is inserted between the aircraft and mission
store(s). (See figure 9.) However, even in the figure 9 configuration, it
can be argued that the second level bus in the carriage store - while
functionally part of the stores management bus - is an electrically isolated
"independent" bus and not an extension or part ¢f the bus in the aircraft.
This position of electrical isolation is used in this report since the
primary issues being discussed are the impact of ASI loading and
environmental conditions on the interface electrical characteristics. The
fact that other equipments may be functionally inierconnected (but
electrically isolated) does not change this discussion.

To further refine term definitions, a distinetion is made between stores
management bus network, main bus and bus stub. As defined above, the stores
management bus network includes all components and equipment which form the
multiplexed data link "network". The term "main bus" or "bus" is used to
refer to the components and equipment on the “"aircraft side" of the
MIL-STD-1553 bus coupler (including the coupler). The term "bus stub' or
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TABLE IV. Application compariaon'tabla.

NETWORK CHARACTERISTICS | AVIONIC APPLICATIONS | MIL-STD-1760 APPLICATIONS

Number and placement of | Fixed by design Fixed by design

stubs, length of main

bus

Number of terminals Generally fixed Function of aission
lcadout and release

Stub length Fixed by design ! Function of store

; mated at ASI
gOpen stubs Limited § Normal operatiun:

f 0 Loadout varietions

| o Store release

|
L

“stub" refers to the portion of the network which crosses the MIL-STD-1760
interfaces (ASI, MSI, CSI and CSSI). In the genersl case, the stub consists
of those components between the MIL-STD-1553 bus coupler (in the aircraft)
and the MIL-STD-1553 remote terminal (in the store).

Since MIL-STD-1760 only defines MIL~STD-1553 stub characteristics as
measured at the ASI and MSI, a number of bus architectures is permitted to
supply these characteristics. Figure 8 illustrates one architecture that
represents & basic bus design. Figure 10 and 11 show two additional
architectures that are also permitted. The important aspect that must be
understood is that MIL-STD-1760 does not require any specific stores
management system or avionics bus network configuration in the airecraft.
Any conventional or inovative design for the circuitry on the aircraft side
of the ASI is allowed provided that the multiplex bus stub signal
characteristics measurable at the ASI (and defined in MIL-STD-1760) are
provided.

With that disclaimer, a few points on the basic network configuration of
figure 8 are presented. First, for aircraft with removable pylons and other
types of S&RE adapters, the data bus couplers shown in figure 8 should be
installed on the aircraft side of the pylon-to-main aircraft structure
interface. If the coupler is installed in the pylon, then the Main Bus must
loop into and then back out of the pylon in order to connect to the
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:“‘éoﬂplérli'If.thg pylon is removed, the Main Bus is "broken" or “eut" at the
“pylon-main ‘aircraft structure interface and communication with any terminals
- downstream of the break is no illonger possible. Potential alternatives

: 2f‘j;arourd looping the bus through the pylon are discussed in 5.1.3.5.4. In
' addition to eliminating the "cut" bus problem, locating the bus 2oupler on

the ‘aircrafi side of fhe pylon-aircraft structure interface increases the

" 'bus reliability, reduces mein. bus. -exposure to external EMR fields and

. improves bus survivability. The disadvantages with this coupler location

- are primarily twofold.  First, the "aircraft side of the pylon" is generally

the wing and wings ¢n current tactical aircraft are not noted for excessive

spéce for coupler installaticris. Second, locating the coupler deeper into

"~ the: aircraft results in longer bus stubs. The impact of stub length is
'discussed in 5.-v3 3o

- The second point to note on the basic network configuration of figure 8

.- 1s that a portion of the bus stub along with the AEIS interfaces which the
stub passes through are exposed to external environments. The primary stub
~exposure is-in the section of the bus stub contained in any umbilical cable
used to connect the ASI to MSI. This cable should contain a good quality
gross shield to maintain total 360 degree shield coverage of the AEIS
‘cabling once it Jeaves the protective shield of the aircraft. Without this

gross shielding on the umbilical, it is very difficult for the sircraft and .

store to operate successfully in the expected high EMR environments. A
second advantage of the umbilical gross shield is that the metallic shield
tends to provide additional mechanical protection to the cable. This
protection improves the odds that the cable will not be damaged (such as

- line-line short circuits) as a result of store separation. (The shield,

however, provides no protection to the connector mating surface from damage
due to rocket motor blasts, salt fog, moisture, etc.) (See 5.1.3.3, 5.1.3.4
and 5.1.3.5 for additional details.)

5.1.3.2 Data communications and system control. The intent of the AEIS
standard is to rely on the MIL-STD-1553 network as the basic communication
media between alccraft and store. In time, thris reliance may transition
from 1553 to some other high(er) speed data bus communication standard (such
as a fiber optic based system). For the immedisie future, however, a need
for a higher data rate communication support is no. expected for store
applications. In addition, some concerns already exist in the store
community that the cost for a 1553 based store interface may be too high
relative to the total store cost or to the cost of the stoire electronics.
(See 4.3.3.) Requiring installation of a higher cost high speed data bus
terminal in the store would reinforce this concern - particularly if the
store does not require thLe higher data rate support.

A second and significant advantage for using the 1553 jnterface as a common
communication and control interface is to simplify establishing initial
store communication. By providing one common communicetion interface, the
alrcraft system avoids having to "search" through various poussible
communication channels in order to initialize the store. The aircraft
instead only needs to power-up the store and then send interrogation
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commands to the ctore via the serial 1553 porf. This "initialization"
procedure is covered in Notice 2 (24 October 1986) to MIL-STD-176CA.

5.1.3.2.1 Communication roles. The AEIS standard identifies the baseline
roles for the aircraft and store in the digitel communication network. The
standard requires that the aircratt "be responsible for the bus controller
function" of 1553. The intent here is to remove any implication that might
exist through 1553 or through available terminal hardware that the store is
expected to provide a bus controller capability. As a general case, the
AEIS standard is dnterpreted to require that the bus controller of the AEIS
data bus be a permanent equipment of the aircraft. There are Stores
ManagemenL System configuration possibilities (that are periodically
considered by aircraft system houses) in which the SMS bus controller can be
in a detachable electronic pod connected to a store station. However, this
pod is generally considered to be a unique electronic system designed for
that specific aircraft. The complications resulting from trying to
integrate a multi-aircraft compatible electronic pod into.an SMS when the
electronic pod is expected to continuously (or even for short time windows)
take over thne aircraft's SMT bus control is expected to preclude any general
purpose store from being a bus controller.

As a result, the general system configuration expected calls for the
aircraft to supply the bus cuatroller (BC) terminal functions defined by
MIL-STD-1553. 1In addition to this BC function, the aircraft will generally
also contain a number of equipments connected to the data bus which contain
1553 remote terminals (RT). Examples of some of these RT based equipments
are shown in figure 8. (The Stcre Station Equipment shown in the figure
typically includes RT functions.) As a result, the assignment of bus
controiler function to the aircraft also allows RT functions on the airecraft
side of the ASI in addition to the BC function.

In its responsibility as a bus controller, the aircraft is required to
control all communications through the ASI interfaces. This communication
includes information transfer between a store and the airvcraft and between
stores connected to the aircraft. The mode used for store-store
communication can be dependent on the aircraft SMS architecture. The most
obvious store-store communication mode is the remote terminal-io-remote
terminal (RT-RT) information transfer format of MIL-SID-1553. However,
aircraft architectures similisr to those shown in figures 10 and 11 do not
directly support the RT-RT transfer mode. To achieve the effect of a
store-store data transfer in one of these system architectures essentially
requires a two step transfer. An RT-BZ transfer is required through one ASI
followed by a BC-RT transfer at the second ASI. Whil: this two step process
has several disadvantages such as increased data latency and additional data
"handling" by the bus controller, it does offer two advantages. First, as
implied above, the two step process allows a higher level of architecture
design flexibility. Second, the two step data transfer allows "decoupling"
the message formatting, data word formatting and message rate requirements
of the two stores. Unless the two stores are designed as an operating pair
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(or one store designed specifically to operate with the second store), the
probability that the data in a transmit message of one store is compatible
with the data in a receive message of the second store is very small.
Decoupling these two stores by a RT-BC, reformat, BC-RT transaction
simplifies integration orovided that the increased data latency is still
acceptable.

5.1.3.2.2 Addressing modeg. MIL-STD-1553 identifies two basic modes for
addressing information and commands to a remote terminal. The first
addressing mode relies on each remote terminal comnected to a data bus being
assigned a unique five bit binary address. The command word transmitted by
the bus controller contains a five bit address field to designate the
specific RT to which the message is directed. 'lo support this addressing 1
mode, MIL-STD-1760 interfaces include a set of address discretes (see )
5.1.4.3) for assigning addresses to each store connected to the aircraft.
This assigned address is referred to as "bus unique" address. This term is
used because all that is required is for the combination of SMS architecture
and ASI address assignments be such that stores connected to the different
ASIs on the aircraft can distinguish between commands directed to them
versus commands directed to other stores. This means, for example, that the
addresses at the two ASIs shown in figure 10 can have the same RT address
provided the SSE between the ASI and the avionics bus blocks out messages
directed to other ASIs. In this way, the store connected to ASI No. X would
not see commands directed to ASI No. Y even if X and Y are assigned the same
RT address.

The second mode defined by MIL-STD-1553 is the "broadcast" mode. The RT
address of 31 is designated by MIL-STD-1553 as a broadcast command
indicator. The multiplex standard does not specifically require remote
terminals to accept "broadcasted" messages. In fact, Notice 1 to
MIL-STD-1553B disallows the use of broadcast for Air Force applicatioms.
This broadcast prohibition is loosened some by Notice 2 to MIL-STD-1553B.
The second notice allows the broadcast of mode commands to terminals but
disallows other receive messages. This second notice applies to equipment
for all military services. Since the debate on broadcast continues and
since the implementation of broadcast is an RT option, MIL-SID-1760 remains
neutral on the subject. The forthcoming notice to MIL-STD-1760 to add the
communication protocol requirements will resolve the broadcast issue -~ at

least as it applies to MIL-STD-1760 equipment. |

5.1.3.2.3 Subaddress restrictions. The AEIS standard includes a
limitation that a specific subaddress can only be used for nuclear weapon
applications. MIL-STD-1760A assigns subaddress 7 for this nuclear
application. Notice 2 against Revision A, changes this reserved subaddress
from 7 to 19 to minimize the impact on existing aircraft bus systems. (It
addition, subaddress 27 was also assigned to nuclear weapons by Notice 2.)
The need for this subaddress change was generated after industry recognized

the impact of the restriction.
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This restriction is included in MIL-STD-1760A to provide "protected"
subaddresses for MIL-STD-1553 messages used to control nuclear warheads.
Given that multiple RTs can be connected to a common data bus along with a
nuclear warheaded weapon, a safety concexrn arose in the nuclear community.
In simple terms, this concern was that messages directed to non-nuclear
equipment might corrupt into a misdirected message to a nuclear warhead. To
increase the protection from misdirected messages (where destination is
determined strictly by a 5 bit address field), two subaddresses are set
aside for use only by nuclear warheads. (A nuclear warhead can also use
other subaddresses.)

When this restriction is applied to aircraft, it could impact aircraft
avionic equipments as well as non-nuclear stores. This avionic impact would
occur if the bus architecture selected for a specific aircraft resulted in
stores and non-SMS avionic subsystems (e.g. inertial navigation, mission
computer, communication) being mixed onto a common bus. This mixing of
avionics and stores on a common bus 1s most likely to occur in retrofitting
MIL-STD-1760 into less sophisticated aircraft and helicopters. However,
significant nuclear certification compliexities (particularly with software
revisions) could result if nuclear stores are installed on avionic buses.

As a result of this AEIS restriction potentially rippling up into the
aircraft avionics, the reserved subaddress was moved from 7 to 19. By
moving the restricted subaddress to a higher subaddress, the impact on
existing fielded systems can be minimized.

One further point is that this subaddress restriction is not an outright ban
of subaddress 19 and 27 for all MIL-STD-1553 applications. The restriction
only applies to non-nuclear equipments if its 1553 commands are detectable
at an ASI. For example, the architecture of figure 10 allows equipment on
the avionies bus to use subaddress 19 for non-nuclear functions since these
avionic bus messages (and the associated subaddresses) are not "visible" at
the ASIs. For this reason, the subaddress restriction, while significant
for some architectures, is very minor for most SMS/AEIS applications.

5.1.3.2.4 Communication redundancy. MIL-STD-1553 defines multiplex
terminal requirements for a single data port. However, the standard also

identifies requirements for applications which need a redundant data port.
(This redundancy is not mandated by 1553 on terminals.) For these redundant
port applications, MIL-STD-1553 specifies that bus system operation will be
in a dual standby mode as described in the standard. Since MIL--STD-1760
represents a specific application of 15